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THE STRATEGY OF SPACE RESEARCH

H. Alfven

Hannes Alfven is a Swedish physicist who occupies the C/11%
Chair of Physics at the Stockholm Royal Technological Insti-
tute. He created a new branch of physics: cosmic electro-
dynamics, on the basls of which has been created a number of
theories that elucidate many astrophysical phenomena. He 1is
also occupied with the problem of the origin of cosmic rays and
the problem of antimatter in the universe. He is a member of
the Royal Academy of Seclences in Stockholm, a foreign member of
the Academy of Sciences of the USSR and a member of & number of
other academies and scientific societies. He 1s an active
participant in the Paguoshskly movement of scholars for dis-
armament and the relaxation of international tension. He 1g a
Nobel prize laureate. In 1971 he received the highest award of
the Academy of Sciences of the USSR: the M.V. Lomonosov gold medal.

Dear coclleagues and comrades! I wish to EXpress my pro-
found gratitude to the Academy of Sciences of the USSR for the
great honor shown me: conferment of the Lomoncsov medal for 1971.
It 1s an especial pleasure to receive this award together with
my old friend Academecian Ambartsumyan.

The name of Lomonosov reminded me of the celebration of
his anniversary in the Soviet Union 10 years ago, when I
represented the Swedish Academy of Sciences and in its name
rendered due homage to the great scientist. On that occasion
I had the opportunity to learn more about that remarkable man.

¥Numbers in the margin indicate pagination in the forelgn teit.



Of Lomonosov's rich legacy, one treatise I consider to be
of particular Interest: "On the Origin of Arctic Ocean Icebergs.
This treatise was published in 1763 in the "Transactions of the
Royal Swedish Academy of Scilences" as a sign of Lomonosov's
gratitude to the Academy, which had elected him as a member.

In this treatise he propounds various theoriles and draws the
conclusion that icebergs are formed not as the result of the
freezing of sea water, as some thought, but arise from glaciers
—— a conclusion that has turned out to be quite correct.

In Lomonosov's time arctic investigations were a daring
attempt to explore geographical regions previcusly inaccessible
to man. At the present tlime no such regions are left on earth,
but man's striving to delve into the unknown remains as great
as ever. The only difference -- and 1t is a blg one —-- is that
in our time this unknown is located in cosmlc space.

I am no historlan, but I do think that 1t would be very
interesting to trace how Lomonosov in his works, for example in
the above-mentloned treatise, inspired subsequent generations
of scholars to delve into unknown regions. Tsiolkovskiy, who
founded the science of reactive motlon, was probably one of
Lomonosov's followers in this tradition, which led later to
Korolev, to whom more than to anyone else belongs the merilt of
transforming the space age into a reality.

Let us recall some factors out of the history of space
research. Its origins are bound up with the development of
military rocketry, which arose during the Second Worild War, and
later, with the development of control technique. Today these
two forms of technology, together with atomic weapons, represent
the most terrible threat for mankind in the event that peace
should not be assured. Space research, too, has some mllitary
aspects. Nevertheless, the military significance of this



research -- especlally when it concerns more remote objects such
as the moon and planets -- dwindles, while the significance of
i1ts purely scientific aspects looms larger. Collaboration
between the astronauts of different countries will improve, the

farther away they get from the earth.

In this connection it behooves us to dwell upon three

aspects of space research.

Space Technology

In the technology of rocket motion, which has made space -
flilghts possible, to attain the necessary exhaust velocities
of combustion products, chemical reactions are employed. The
discharge velocitles of gases that can be secured by chemical
fuel, however, amount to values of the order of one. or a few
kilometers per second, whereas for space flights velocities 1in
excess of 10 km/sec are necessary. According to Tsilolkovskiy's
Formula, the velocity that a rocket can attain is the discharge
velocity multiplied by the logarithm of the ratio of the launch-
ing mass of the rocket to the mass of the payload. This means
that the launch weight turns out to be extremely great. Hence
the conclusion that a chemical~fuel rocket is net very sultable
for space flights. Future space flights will depend on the
creation of new rocket engines. TIn other words, reaction motion
under space conditions must be independent of that technology
from which it once sprang.

New solutions 1n rocket-engine technology may be supplied
by plasma physics. To accelerate a plasma to whatever velocity
is necessary for space flight is relatively easy. Even though
this new technology 1s practicable at the present time, it has
not yet been utilized for space flights. This circumstance is
due to two reasons. The first is the customary inertilia lnherent

in all large-scale projects like space flights. The introduction



of a new, revoalutlonary technology entails the organization of
new research groups possessing knowledge in new fields, and this
always requires time. The second reason is connected with the
energy sources necessary for plasma ejectlon. As of today solar
batteries can produce up to 10 kW. This is enough power for the
new technology to assure the execution of many space tasks, but
1t is not enough for so abridging the duratlon of space flights
as to place the entire solar system within reach.

At the present time a new technology utilizing nuclear
energy is beilng worked out. This method, however, 1is difficult
and, in a certaln sense, dangerous. Therefore, other energy

sources must be sought.

The cosmic plasma in the vicinity of the earth contalins a
great amount of energy that could be tapped. It is well known
that in the magnetosphere there exist electrlc potential gradients
of the order of several thousands of volts, and it is poésible
to work out methods of extracting this energy. The solar wind
1ikewise contains large stores of energy that could be utilized.
This ensues from the fact that the magnetosphere recelves no
less than 1012 W from the solar wind, which amounts to 0.1 MW
per 1 me. We must look for ways of modeling these processes
and drawing off energy from the solar wind. In principle, the
energy extracted from the solar wind could impart to abspacee
ship a velocity of the same order as that of the solar wind
{tself. We could "sail under the pressure head of the solar wind."
In the process the time required for space flights will be
sbridged by two orders of magnitude. But we are still far from
this goal.

"Man in Space

Technology cannot be a thing in itself. For soclety 1t
is a negative factor, 1f 1t is employed for purposes of



destruction. It serves as a positive factor only when 1t 1s
employed for achieving useful goals. What 1s the use of space
technology? One answer is obvious: study of the cosmic space
surrounding us is Just as important as was expleoration of the
polar regions in the time of Lomonoscov and the rediscovery of
America in the time of Columbus.

There has been much discussion about whether space research
should be carried out with the aid of automatic vehicles con-
trolled from the earth, or by way of launching man into space
and landing him on the moon and other heavenly bodies. The two
main space powers have chosen both of these ways, emphasizing

now one, now the other of them.

Automatic flights are no less important than manned flights.
The automatle flight method has undergone considerable develop-
ment. It is sometimes said that the automatic vehicle can
replace the astronaut and then there will no longer be any need
to think about the necessity of safeguarding the life of people
in space. At the same time, with the development of space flight
technology and space medicine, the extreme efforts now necessary
for sending man into space will become relatively slight. And,
of course, man is far superior to automatliec vehicles in carry-

ing out observations.

If the sole purpose of space flights were scientific obser-
vations, then, in my opinion, it would be difficult to choose
between manned and unmanned technology. Yet space activity has
a multitude of other aspects. Its fundamental purpose must
necessarily be to acquaint people wilth all the new possibllities
that are being opened up in cosmle space. Sooner or later man
wlll adapt to space to such an extent that he will be able to
remain there for very long periods of time, perhaps even establish
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small colonles 1n space or on the surface of the heavenly bodies.
The 1ife that arose on earth is now beginning to spread beyond
its confines. When man feels at home in space, he will make

new discoveries there. He will not only observe, however, but
also experiment. He will invent new technological methods and
look upon the universe and himselif wlth new eyes. For the common
man no less than for the sclentlist this must be the most
important problem of the space age.

Space Sclence

In the field of physlecs space research ushered in a new
era. At the turn of the century spectroscopy discovered atomic
physics. Thirty years later the cyclotron created nuclear
physics. Another 30 years later Sputnik marked the emergence
of a new field of science: space research. It now seems that
this fleld will be the most active part of physics for the /13
remaining third of our century. The center of emphasis in
sclence is constantly belng shifted, but there are always
groups of sclentists who think that the most active scien-

tiflec trend of their youth will always remain such.

In its first decade space research concentrated mainly on
study of near space. It came to light that this is no mere
emptiness and no structureless region, as it was thought earlier,
but that it 1s filled with a plasma with different physical
properties, permeated by electric currents and magnetic fields
constituting a complex system. The knowledge acquired became
the basis for a general understanding of the cosmic plasma.
This, in turn, will be important for study of the structure of
the galaxy and metagalaxy, as well as for solution of the cosmo-
logical problem as a whole, because new knowledge in the field
of cosmic electrodynamics will make it possible for us to
approach these problems from a 1less speculative position than



at. present. We have not yet gotten a thorough understanding
of what radical changes in existing views of certain galactic
phenomena this will lead to.

The second decade of space research has a different charac-
ter. Insofar as some fundamental problems of the magnetosphere
and interplanetary space still remain unsoclved, 1t is safe to
say that they will continue to attract a lot of attentilon.
Nevertheless, the landing of people on the moon and space flights
to Venus and Mars gave us such a wealth of new sclentific data
that the center of emphasis of space research began to be shifted
toward intensive study of the moon and planets.

Up to the present thls has borne a resemblance to the study
of the polar regions and other inaccessible regions of the
earth: detailed mapping was carrled out in conjunction with
geological, seismological, magnetic and gravitational surveys,
as well as the study of atmospheric conditions. However, in
studying the moon and planets, sclentists were inevitably con-
fronted with another problem, namely, elucidation of the origin
of these heavenly bodies. Many recent scilentific studies in
the fleld of space research ended in hypotheses about the genesls
and evolution of the solar system. It appears that this will
remain one of the fundamental problems and, perhaps, the central
problem, on which space science will be concentrated in the near

future.

Origin of the Solar System

Astrophysics 1s in the maln the application to cosmic
phenomena of natural laws discovered in the laboratory. It
follows from this that nc¢ partial domain of astrophysics will
be ripe for a scientific method of approach until laboratory
physics has achleved a certain level of development. For example,



until the emergence of nuclear physics all attempts to understand
how the stars produce their energy could be nothing but specula-
tion without 1lmportance or lasting value.

The origin of the solar system was the subject of a great
number of very contradletory hypotheses. The reason for this
lay in a lack of fundamental knowledge in several important
areas of physies and chemistry, which hampered the singling cut
of the processes that are really important from the point of
view of the genesis and evolution of the solar system.

In the past too much attentlon was devoted to the formation
of the planets of the solar system. And, as a negative conse-
quence of this, many theorles about the origin of the solar
system were connected with theories about the sun's early
history. This 1s 1in many respects an unreliable basis insofar
as the formation of the sun (and other stars) 1s an extremely
contradictory problem. In view of the fact that the satellite
systems of Jupiter, Saturn and Uranus are very similar to our
planetary system and at least Just as typical as our system,
1t 1s more expedient to direct efforts at working out a general
theory of the formation of secondary bodies around a central
body, regarding the formation of planetary systems as no more
than a special case of applying the general theory.

As more or less acknowledged at the present time, the
sequence of events leading to the formation of the solar system
was such that the initial gas and, possibly, dust, the first
necessarily being partially lonized, gathered in certain regions
arocound a central body and condensed into small solid granules.
Out of these granules, as a result of accretion, the so-called
nuclei of the planets were formed, which then changed into
larger bodies: planets (if the central body was the sun) and
satellites (if the central body was a planet). Formerly the



asterolds were often regarded as the debris of a broken-up
planet. At the present tlme, however, ever more arguments are
being advanced in favor of the view that they represent an
intermediate stage in the formation of planets or, at least, a
stage similar to 1t. Clarification of these two positions will
serve as an important element in our understanding of the evolu-
tion of the solar system.

In an analogous way, viewpolnts are changing as to the
interrelationship between comets and meteoritic bodies. Formerly
it was thought that meteoritic bodies are the decay products of
comets. MNowadays opinions are being expressed that the reverse
process also exists: comets may be formed as the result of
accretlion in meteor showers. It will be obvious that the
knowledge necessary for understanding such processes will grow
rapidly owlng to successes in certain research areas.

Just what space flights are particularly valuable for the
study of the origin of the solar system?

Recent measurements of particles and fields in the magneto-
sphere and Interplanetary space have increased the extent of our
knowledge about the cosmic plasma. And what is more, the impacts
of meteor particles against spacecraft give us information about
very small bodies 1n near space that is important for understand-
ing out of what material our planets were once formed. Particularly
promising is proving to be the study of impacts of meteor bodies élﬁ
against the surface of the moon and Mars and 1ts satellites.

These and other recent investigations are automatically con-
tributing to a build-up of the knowledge necessary for solution

of the problem of the formatlon of the solar system. But although
this 1s important, there exist a number of critical problems that
can only be solved by single-minded investigations.



It is thought that the most important flights after
landing on the moon will be to Venus, Mars and the other
pPlanets. This is not necessarily so. Flights to the asterolds
and comets, as well as to the satellites of the planets, will
be at least just as interesting and of just as much benefit
from the scientific point of view. There 18 no reason to
treat the smaller heavenly bodies with disdain. The point of
view that exists at the present time, it seems, reflects that
interest in a heavenly body in space is proportional to its
slze. Nevertheless, for understanding the evolution of the
solar system small bodies are more important. Insofar as some
astercids are the closest nelghbors to the earth-moon system
and thelr gravitational filelds are small, such flights will
also be simpler from the technological polnt of view.

I have attempted to outline what research 1s important for
elucidation of the early history of the solar system. By
carrying out this research, we may hope in time to understand
how the structure of our part of the universe turned out to be
such that we can live in 1it.
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